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VHULRXV SHUVRQDO LQMXULHV SHU  DFFLGHQWV LQYROYLQJ SHUVRQDO LQMXU\ DUH PRUH VHULRXV WKDQ WKH
FRQVHTXHQFHVRIDFFLGHQWVRQIUHHZD\VDXWREDKQVRULQEXLOWXSDUHDVILJXUH

'XH WR WKH KLJK QXPEHU RI DFFLGHQWV RQ URDGV RXWVLGH EXLOWXS DUHDV WKH VHULRXV QDWXUH RI WKHLU
FRQVHTXHQFHV DQG WKXV WKHLU KLJK FRVWV WKHUH LV DQXUJHQW QHHG IRU DFWLRQ+RZHYHU WKHUH LV D OLPLW WR
ZKDW WKHDXWKRULWLHVFDQGREHFDXVHRI ILQDQFLDOFRQVWUDLQWV&RQVHTXHQWO\ZKDW LVQHHGHGDUHVROXWLRQV
RWKHU WKDQ FRQVWUXFWLRQ PHDVXUHV WKDW DUH DV LQH[SHQVLYH DQG HIIHFWLYH DV SRVVLEOH $GYDQFHG GULYHU
DVVLVWDQFHV\VWHPV$'$6VEDVHGRQYHKLFOHWRLQIUDVWUXFWXUHFRPPXQLFDWLRQ9,DUHRQHSRVVLELOLW\
7KHVHDUHQRWFXUUHQWO\ZLGHVSUHDGERWKEHFDXVHPRVWDSSOLFDWLRQVDUHVWLOOLQWKHGHYHORSPHQWSKDVHDQG
EHFDXVHPDQ\TXHVWLRQVLQUHODWLRQWRWKHLUHIIHFWLYHQHVVVWDQGDUGL]DWLRQRSHUDWLRQDQGILQDQFLQJDVZHOO
DVTXHVWLRQVRIOLDELOLW\KDYH\HWWREHDQVZHUHG

7KH8'9*HUPDQ,QVXUHUV$FFLGHQW5HVHDUFKWKHUHIRUHFRPPLVVLRQHGDFRQVXOWLQJWRLQYHVWLJDWHWKH
H[WHQWWRZKLFK9,EDVHG$'$6VDUHVXLWDEOHIRULPSURYLQJVDIHW\RQURDGVRXWVLGHEXLOWXSDUHDV6HOI
VXIILFLHQW LQYHKLFOH $'$6V DQG $'$6V EDVHG RQ YHKLFOHWRYHKLFOH 99 FRPPXQLFDWLRQ ZHUH
FRQVLGHUHGDVDOWHUQDWLYHVROXWLRQVLQWKHLQYHVWLJDWLRQ


)LJ)DWDOLWLHVDQGVHULRXVLQMXULHVRQGLIIHUHQWW\SHVRIURDGVVLQFH
3URFHGXUHDQGPHWKRGRORJ\
7KHSURFHGXUHXVHGLQWKHVWXG\LVVKRZQLQILJXUH7KHVWHSVLQYROYHGDUHRXWOLQHGEHORZ
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

)LJ3URFHGXUHRIWKHSURMHFWDQGNH\LVVXHVRQZKLFKLWIRFXVHG
,Q DQ H[WHQVLYH H[DPLQDWLRQ RI WKH OLWHUDWXUH WKH $'$6V ERWK DYDLODEOH RQ WKH PDUNHW DQG LQ
GHYHORSPHQWZHUHDQDO\]HGFRPSDUHGDQGH[DPLQHGZLWKUHJDUGWRWKHLUSRVVLEOHEHQHILWVIRUURDGVDIHW\
'LVWLQFWLRQVZHUHGUDZQEHWZHHQIRXUGLIIHUHQWW\SHVRI$'$6
x ,QIUDVWUXFWXUHRQO\V\VWHPVHJYDULDEOHPHVVDJHVLJQV
x 6HOIVXIILFLHQWLQYHKLFOHV\VWHPVHJ(6&
x 99EDVHGV\VWHPVYHKLFOHWRYHKLFOH
x 9,EDVHGV\VWHPVYHKLFOHWRLQIUDVWUXFWXUHDQGYLFHYHUVD

$FRRSHUDWLYH9,EDVHG$'$6LVFKDUDFWHUL]HGE\ELGLUHFWLRQDOFRPPXQLFDWLRQEHWZHHQYHKLFOHVDQG
WKH LQIUDVWUXFWXUH5RDGXVHUVDQGGDQJHUVDUHGHWHFWHGE\FRQWDFWOHVV VHQVRUV WKDWFDQEH ILWWHGERWK WR
YHKLFOHV DQG WKH LQIUDVWUXFWXUH 3DUWLFXODU YDOXH ZDV SODFHG RQ WKH HFRQRPLF YLDELOLW\ RI 9,EDVHG
$'$6V7KHPDLQFULWHULRQDSSOLHGZDVWKHSRVVLELOLW\RILPSOHPHQWLQJVHOIVXIILFLHQWLQYHKLFOH$'$6V
DQG99EDVHG$'$6VDVDOWHUQDWLYHV
$QDO\VLVRIDFFLGHQWW\SHV
'HWDLOHGDFFLGHQWVWDWLVWLFVDUHDSUHUHTXLVLWHIRUDVFHUWDLQLQJWKHUHTXLUHPHQWVWREHPHWE\WHFKQLFDO
V\VWHPV LQ RUGHU WR LPSURYH URDG VDIHW\ 7KH *HUPDQ )HGHUDO 6WDWLVWLFDO 2IILFH SXEOLVKHV DJJUHJDWHG
DFFLGHQWGDWDEURNHQGRZQ LQWR VHYHQDFFLGHQW W\SHV+RZHYHU WKH VLQJOHGLJLW DFFLGHQW W\SHVXVHGDUH
QRWGHWDLOHGHQRXJK WRSHUPLWH[KDXVWLYHFRQFOXVLRQV WREHGUDZQDERXWKRZWKHDFFLGHQWVKDSSHQ)RU
H[DPSOHDFFLGHQWVLQYROYLQJYHKLFOHVWXUQLQJOHIWDWDWUDIILFOLJKWDFURVVRQFRPLQJWUDIILFLQ*HUPDQ\
ZKHUHYHKLFOHVGULYHRQWKHULJKWDUHGLIIHUHQW IURPDFFLGHQWVLQYROYLQJYHKLFOHVWXUQLQJULJKW\HWWKH\
FRPH XQGHU WKH VDPH DFFLGHQW W\SH DFFLGHQW W\SH  WXUQLQJRII DFFLGHQW LQ WKH DFFLGHQW GDWD RI WKH
)HGHUDO6WDWLVWLFDO2IILFH

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7KHSROLFH LQ1RUWK5KLQH:HVWSKDOLDKDYHDQDFFLGHQWGDWDEDVH WKDW VXEGLYLGHV WKH VHYHQDFFLGHQW
W\SHV LQWR D WRWDO RI  GLIIHUHQW WKUHHGLJLW DFFLGHQW W\SHV 'XH WR WKH OHYHO RI GHWDLO WKXV RIIHUHG
DQRQ\PL]HGDFFLGHQWGDWDIURPWKLVGDWDEDVHZDVXVHGLQWKLVVWXG\7KHVWXG\IRFXVHGRQWKHSHULRGIURP
WRDFFLGHQWVRQURDGVRXWVLGHEXLOWXSDUHDVLQ1RUWK5KLQH:HVWSKDOLDZHUHUHSRUWHG
WRWKHSROLFHLQWKLVSHULRG
$QDO\VLVRIWKHFDXVHVRIDFFLGHQWW\SHV
7RUHGXFHWKHQXPEHURIDFFLGHQWW\SHVWREHWDNHQLQWRDFFRXQWUDUHDQGRUOHVVVHULRXVDFFLGHQWW\SHV
ZLWKOHVVWKDQFDVHVRIVHULRXVSHUVRQDOLQMXU\WKDWRFFXUUHGLQWKLVILYH\HDUSHULRGZHUHH[FOXGHG7KH
WKUHVKROGZDVVHWDIWHUH[DPLQLQJWKHFXUYHIRUWKHWRWDOQXPEHURIVHULRXVSHUVRQDOLQMXULHVRIDOODFFLGHQW
W\SHVVRUWHG LQGHVFHQGLQJRUGHU7KHQXPEHURIDFFLGHQW W\SHVZDV WKXVUHGXFHG IURP WRE\
ZKHUHDVWKHQXPEHURIDFFLGHQWVRQO\GHFUHDVHGIURPWRE\7KHFDXVHVRIWKLV
ODUJH QXPEHU RI DFFLGHQWV ZHUH WKHQ H[DPLQHG 7R WKLV HQG WKH  UHPDLQLQJ DFFLGHQW W\SHV ZHUH
FRPELQHG ZLWK WKH UHSRUWHG DFFLGHQW FDXVHV WKH DFFLGHQW YDULDEOHV ZHUH DJJUHJDWHG DFURVV DOO WKH
DVVRFLDWHGDFFLGHQWVDQGWKHSRVVLEOHFRPELQDWLRQVRIDFFLGHQWW\SHDQGDFFLGHQWFDXVHZHUHVRUWHG
LQGHVFHQGLQJRUGHU7KHIRXUPRVWFRPPRQFRPELQDWLRQVRIDFFLGHQWW\SHDQGDFFLGHQWFDXVHDUHVKRZQ
DVH[DPSOHVLQILJXUH

7KH UHTXLUHPHQWV WR EH PHW E\ WHFKQLFDO V\VWHPV ZHUH WKHQ VHW DJDLQVW WKHVH DFFLGHQW W\SHFDXVH
FRPELQDWLRQVVHHILJXUH,QWXUQLQJRIIHUURUVLQYROYLQJDFROOLVLRQUDQNHGDVXLWDEOH$'$6PXVW
EHDEOH WRGHWHFWRWKHUYHKLFOHV IRUH[DPSOH ,QGULYLQJDFFLGHQWV LQEHQGVUDQNHG WKHIDFWRUV WREH
WDNHQLQWRDFFRXQWLQFOXGHWKHUDGLXVRIWKHEHQGWKHFRQGLWLRQRIWKHURDGVXUIDFHDQGVSHHG

)LJ0RVWFRPPRQFRPELQDWLRQVRIDFFLGHQWW\SHDQGFDXVH
$FFLGHQWFOXVWHUVIRUDGYDQFHGGULYHUDVVLVWDQFHV\VWHPV
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%DVHGRQ WKHDQDO\VLVRIDFFLGHQW W\SHVFDXVHV DFFLGHQWFOXVWHUVZHUH IRUPHG7KHVHJURXS WRJHWKHU
DFFLGHQWW\SHFDXVHFRPELQDWLRQVWKDWDUHVLPLODULQWHUPVRIGULYLQJG\QDPLFV2QHH[DPSOHZRXOGEHD
WXUQLQJRIIHUURU DFFLGHQWFDXVHRIDGULYHU WXUQLQJRII WR WKH OHIWDFURVVRQFRPLQJ WUDIILF DFFLGHQW
W\SHDQGDIDLOXUHWRREVHUYHWKHWUDIILFVLJQLQGLFDWLQJSULRULW\DFFLGHQWFDXVHRIDGULYHUWXUQLQJ
LQWRWKHOHIWDFFLGHQWW\SH,QWKHVHWZRFDVHVWKHGULYLQJRSHUDWLRQLVFRPSDUDEOHEHFDXVHDQRWKHU
YHKLFOHKDVQRWEHHQVHHQRULQFRUUHFWO\DQWLFLSDWHGLQDWXUQWRWKHOHIW7KHUHTXLUHPHQWVWREHPHWE\D
WHFKQLFDOV\VWHPDUHWKXVWKHVDPH
5HVXOWVRIWKHDFFLGHQWFOXVWHUVIRUDGYDQFHGGULYHUDVVLVWDQFHV\VWHPV
2YHUYLHZRIWKHDFFLGHQWFOXVWHUVIRU$'$6V
$ WRWDO RI  GLIIHUHQW DFFLGHQW FOXVWHUV ZHUH H[DPLQHG LQ GHWDLO$FFLGHQW W\SHV WKDW DUH VLPLODU LQ
WHUPVRIGULYLQJG\QDPLFVDQGGULYLQJDFWLYLWLHVZHUHJURXSHGWRJHWKHUWRIRUPWKHFOXVWHUV7KHFOXVWHUV
LGHQWLILHGDUHEURNHQGRZQEHORZE\ORFDWLRQDQGDFFLGHQWFDXVHV7KHVHDUHVKRZQLQWDEOH,QWHUPVRI
ORFDWLRQ D GLVWLQFWLRQZDV GUDZQ EHWZHHQ DFFLGHQWV RQ WKH RSHQ URDG RQ D VWUDLJKW RU LQ D EHQG DQG
DFFLGHQWVDWLQWHUVHFWLRQV,QDGGLWLRQDYDULHW\RIHQYLURQPHQWDOFRQGLWLRQVZHUHH[DPLQHGLQGHWDLO)RU
WKHVDNHRIFRPSOHWHQHVVGULYHUVXQGHUWKHLQIOXHQFHRIDOFRKRODFFLGHQWFDXVHDQGRWKHUGULYHUHUURUV
DFFLGHQWFDXVHZHUHDOVRGHDOWZLWK,WVKRXOGEHSRLQWHGRXWWKDWWKHVDPHDFFLGHQWFDQEHLQFOXGHGLQ
GLIIHUHQW DFFLGHQW FOXVWHUV )RU H[DPSOH DQ DFFLGHQW WKDW RFFXUUHG LQ D WUDIILF MDP RQ D ZHW URDG LV
LQFOXGHGXQGHUERWKDFFLGHQWVLQWUDIILFMDPVDQGDFFLGHQWVRQZHWURDGV

3DUWLFXODUO\LPSRUWDQWDFFLGHQWFOXVWHUVDUHGHVFULEHGLQGHWDLOEHORZ
7DEOH2YHUYLHZRIWKHDFFLGHQWFOXVWHUVLQYHVWLJDWHGIRU$'$6V

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$FFLGHQWVDWLQWHUVHFWLRQV
'HVFULSWLRQRIWKHDFFLGHQWFOXVWHU
7KLV DFFLGHQW FOXVWHU FRPELQHV FRQIOLFW VLWXDWLRQV DW LQWHUVHFWLRQV ZLWK DQG ZLWKRXW WUDIILF VLJQDOV
LQYROYLQJYHKLFOHVIURPWKHOHIWDFFLGHQWW\SHVDQGYHKLFOHVIURPWKHULJKWDFFLGHQWW\SHV
DQGDQGRQFRPLQJWUDIILFZLWKYHKLFOHVWXUQLQJOHIWDFFLGHQWW\SH7KHVHOHFWHGFRQIOLFWLQJ
WUDIILFVWUHDPVFRXOGEHVHSDUDWHGLQSULQFLSOHE\SURYLGLQJWKHWXUQLQJRIIVWUHDPVZLWKGHGLFDWHGWUDIILF
VLJQDOV7KHIROORZLQJDFFLGHQWFDXVHVDUHFRQVLGHUHGYLRODWLRQRIWKHUXOHVRIWKHURDGLQFOXGLQJWUDIILF
VLJQDOV DFFLGHQWFDXVHVDQG IDLOXUH WR WDNH LQWRDFFRXQWRQFRPLQJYHKLFOHV DFFLGHQWFDXVH
DQGWXUQLQJRIIHUURUVDFFLGHQWFDXVH

7KH VWDWLVWLFV VKRZQ LQ WDEOH  DV H[DPSOH IRU DFFLGHQWV DW LQWHUVHFWLRQV DUH IRU DOO IRUPV RI WKLV
DFFLGHQW FOXVWHU :KHQ WKH DFFLGHQW FOXVWHU ZDV DGGLWLRQDOO\ OLPLWHG WR DFFLGHQWV DW VLJQDOFRQWUROOHG
LQWHUVHFWLRQV LW ZDV IRXQG WKDW WKH DFFLGHQW VHYHULW\ VHULRXV SHUVRQDO LQMXULHV SHU  DFFLGHQWV
LQYROYLQJSHUVRQDOLQMXU\GHFUHDVHGVLJQLILFDQWO\

7KHUHODWLYHGHWDLOVDOORZDFRPSDULVRQWREHPDGHRIWKHVHYHULW\RIWKHFRQVHTXHQFHVRIWKHGLIIHUHQW
DFFLGHQW FOXVWHUV ,Q WKLV SDUWLFXODU H[DPSOH RI DFFLGHQWV DW LQWHUVHFWLRQV LW PHDQV WKDW  RI DOO
DFFLGHQWV DFFRXQW IRU RQO\  RI DOO DFFLGHQWV LQYROYLQJ IDWDOLWLHV DFFLGHQW FDWHJRU\  7KH
FRQVHTXHQFHV RI WKLV DFFLGHQW FOXVWHU DUH WKXV OHVV VHULRXV WKDQ WKH DYHUDJH IRU DOO DFFLGHQW FOXVWHUV
FRQVLGHUHG,QWHUPVRIWKRVHLQYROYHGWKHGLIIHUHQFHEHWZHHQWKHQXPEHUVLQYROYHGDQGWKHQXPEHUVRI
IDWDOLWLHV LVHYHQPRUHPDUNHG7KHSHUFHQWDJHRISHRSOH LQYROYHG LVDERXW WZLFHDVKLJKZKLFKFDQEH
H[SODLQHG E\ WKH IDFW WKDW DFFLGHQWV ZLWKRXW WKLUGSDUW\ LQYROYHPHQW ZHUH H[FOXGHG E\ GHILQLWLRQ DQ
DFFLGHQWZLWKRXWWKLUGSDUW\LQYROYHPHQWZRXOGEHFDWHJRUL]HGDVDQDFFLGHQWRIW\SHRU

5HTXLUHPHQWVWREHPHWE\DWHFKQLFDOV\VWHP
$QLQWHUVHFWLRQDVVLVWDQWUHTXLUHVLQIRUPDWLRQWKDWLVDVDFFXUDWHDVSRVVLEOHRQWKHSRVLWLRQHJODQH
PRYHPHQW GLUHFWLRQ RI WUDYHO VSHHG DFFHOHUDWLRQGHFHOHUDWLRQ DQG RWKHU VWDWXV LQIRUPDWLRQ HJ
GLUHFWLRQLQGLFDWRUODPSVRIZKHUHYHUSRVVLEOHDOOURDGXVHUVRQWKHDSSURDFKWRDQGLQWKHLPPHGLDWH
YLFLQLW\RIWKHLQWHUVHFWLRQDVZHOODVVWDWXVGDWDRQWUDIILFVLJQDOVLQRUGHUWRFDOFXODWHDSUREDELOLW\EDVHG
IRUHFDVW RI IXWXUH PRYHPHQWV RQ D G\QDPLF PDS ,I WKH FDOFXODWHG SUREDELOLW\ RI D GDQJHURXV FRQIOLFW
VLWXDWLRQ H[FHHGV D VHW WKUHVKROG WKH DIIHFWHG YHKLFOHV DUH ZDUQHG $XWRPDWHG LQWHUYHQWLRQV DUH DOVR
WHFKQLFDOO\FRQFHLYDEOH

5HFRPPHQGDWLRQV
9,EDVHG $'$6V DUH UHFRPPHQGHG DW VLJQDOFRQWUROOHG LQWHUVHFWLRQV ZKHUH DFFLGHQWV DUH OLNHO\
%HFDXVHWKH\FDQEHDGDSWHGWRVXLWORFDOFLUFXPVWDQFHVHJLPSDLUHGYLVLELOLW\GXHWREXLOGLQJVDQGWKH\
SHUPLW KLHUDUFKLFDO PDQDJHPHQW RI FRPSOH[ WUDIILF VLWXDWLRQV WKH\ DUH VXSHULRU WR VHOIVXIILFLHQW LQ
YHKLFOH$'$6VDQG99EDVHG$'$6V







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7DEOH6WDWLVWLFDOSURILOHRIWKHDFFLGHQWFOXVWHURIDFFLGHQWVUHVXOWLQJIURPSULRULW\YLRODWLRQVZLWKDQGZLWKRXWWUDIILFVLJQDOV
([DPSOHIRUDFFLGHQWVDWLQWHUVHFWLRQV

'ULYLQJDFFLGHQWVLQEHQGVDQGRQVWUDLJKWURDGVFDXVHGE\GULYLQJDWLQDSSURSULDWHVSHHGV
'HVFULSWLRQRIWKHDFFLGHQWFOXVWHU
'ULYLQJ DFFLGHQWV LQ EHQGV JHQHUDOO\ KDYH SDUWLFXODUO\ VHULRXV FRQVHTXHQFHV 'ULYLQJ DFFLGHQWV LQ
EHQGV DW LQDSSURSULDWH RU H[FHVVLYH VSHHGV OHG WR DERXW DTXDUWHU RI DOO IDWDOLWLHV DQGRYHU D ILIWKRI DOO
VHULRXV LQMXULHVRQURDGVRXWVLGHEXLOWXSDUHDV'ULYLQJDFFLGHQWVRQVWUDLJKW URDGVKDSSHQHG OHVVRIWHQ
EXWZHUH VLPLODU LQ WHUPVRI WKH VHULRXVQHVVRI WKHLU FRQVHTXHQFHV$JUHDWPDQ\ DFFLGHQWV RQ VWUDLJKW
URDGVFRPHXQGHUWKHFDXVHFDWHJRU\RWKHUGULYHUHUURUV7KHVHDUHQRWLQFOXGHGLQWKHDFFLGHQWFOXVWHU
DQDO\]HG

5HTXLUHPHQWVWREHPHWE\DWHFKQLFDOV\VWHP
$Q$'$6PXVW UHFRJQL]HZKHQ YHKLFOHV DUH WUDYHOOLQJ DW LQDSSURSULDWH VSHHGV VLPSO\E\GHWHFWLQJ
WKDWWKH\DUHH[FHHGLQJWKHVSHHGOLPLWRULQPRUHFRPSOH[FDVHVE\WDNLQJLQWRDFFRXQWFLUFXPVWDQFHV
VXFKDVWKHZHDWKHUFRQGLWLRQVWLUHDGKHVLRQVNLGUHVLVWDQFHRIWKHURDGVXUIDFHHWFDQGZDUQWKHGULYHU
LQRUGHUWRSUHYHQWDFFLGHQWV

5HFRPPHQGDWLRQV
6HOIVXIILFLHQWLQYHKLFOH$'$6VDUHWREHSUHIHUUHGKHUHVLQFHWKH\FRXOGSRWHQWLDOO\EHHIIHFWLYHLQ
DOOEHQGVDQGRQDOOVWUDLJKW URDGV LIYHKLFOHVZHUHHTXLSSHGZLWK WKHP6LQFH WKHPRVW LPSRUWDQW LQSXW
SDUDPHWHUVDUHVWUXFWXUDOHJURDGJHRPHWU\RUUHODWLYHO\HDV\WRFDSWXUHHJVSHHGWRDFKLHYHIDVWHU
PDUNHW SHQHWUDWLRQ WKH ZDUQLQJ FRXOG EH LQWHJUDWHG LQ PRELOH DSSOLFDWLRQV VXFK DV SRFNHW QDYLJDWLRQ
V\VWHPV RU VPDUWSKRQHV ,QIUDVWUXFWXUHRQO\ GULYHU DVVLVWDQFH V\VWHPV ZLWK VSHHG PHDVXUHPHQW DQG
YDULDEOHPHVVDJHVLJQVEHIRUHKD]DUGRXVEHQGVFRXOGZDUQGULYHUVRIQRQHTXLSSHGYHKLFOHVZKHQ WKH\
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ZHUHGULYLQJDWLQDSSURSULDWHVSHHGV9,EDVHG$'$6VDUHQRWYHU\XVHIXOLQWKLVDFFLGHQWFOXVWHUVLQFH
WKH\RQO\ZRUNLQFHUWDLQFDVHVDQGIRUGULYHUVRIYHKLFOHVWKDWDUHHTXLSSHGZLWKWKHWHFKQRORJ\
$FFLGHQWVLQYROYLQJRQFRPLQJWUDIILF
'HVFULSWLRQRIWKHDFFLGHQWFOXVWHU
7KH DFFLGHQW FOXVWHU FRQVLVWV RI DFFLGHQWV LQYROYLQJ RQFRPLQJ WUDIILF ERWK DFFLGHQWV LQYROYLQJ
RYHUWDNLQJDFFLGHQWW\SHDQGDFFLGHQWVRQVWUDLJKWVHFWLRQVRIURDGDFFLGHQWW\SHDQGLQEHQGV
DFFLGHQW W\SH  6LQFH WKH WKUHH DFFLGHQW W\SHV XVHG DUH YHU\ FOHDUO\ GLIIHUHQWLDWHG QR VSHFLILF
VHOHFWLRQRIDFFLGHQWFDXVHVZDVPDGH

5HTXLUHPHQWVWREHPHWE\DWHFKQLFDOV\VWHP
7KHPLQLPXPUHTXLUHPHQWWREHPHWE\DVXLWDEOH$'$6LVWKDWLWVKRXOGZDUQGULYHUVZKHQWKH\DUH
LQDGYHUWHQWO\ OHDYLQJ WKHLU ODQH 7KLV LV HDVLHVW WR LPSOHPHQW WKURXJK UHFRJQLWLRQ RI ODQHPDUNLQJV DV
DOUHDG\ KDSSHQV ZLWK ODQH GHSDUWXUH ZDUQLQJ V\VWHPV LQ YHKLFOHV 0XFK PRUH FRPSOH[ ZRXOG EH DQ
$'$6WKDWFDSWXUHVZLWKDKLJKGHJUHHRISUHFLVLRQWKHSRVLWLRQVGLUHFWLRQVRIWUDYHODQGVSHHGVRIDOOWKH
UHOHYDQW YHKLFOHV LQ RUGHU WR IRUHFDVW WKHLU IXWXUH PRYHPHQWV WUDMHFWRULHV DQG WKXV WR GHWHFW SRVVLEOH
FROOLVLRQVLQJRRGWLPH

5HFRPPHQGDWLRQV
6HOIVXIILFLHQW LQYHKLFOH ODQH GHSDUWXUH ZDUQLQJ V\VWHPV FDQ UHGXFH DFFLGHQWV LQYROYLQJ FROOLVLRQV
ZLWK RQFRPLQJ YHKLFOHV$ IXUWKHU GHYHORSPHQW RI WKLV LQFRUSRUDWLQJ99 FRPPXQLFDWLRQ FRXOGZDUQ
GULYHUV DERXW RQFRPLQJ YHKLFOHV HYHQ ZKHQ WKH\ DUH QRW YLVLEOH SURYLGHG WKHVH YHKLFOHV ZHUH DOVR
HTXLSSHGZLWK WKH WHFKQRORJ\9,EDVHG$'$6VZRXOG EH YHU\ FRVWO\ WR LPSOHPHQW DQG WKHLU LPSDFW
ZRXOG EH OLPLWHG WR YHU\ VSHFLILF ORFDWLRQV 7KH\ DUH WKHUHIRUH XQOLNHO\ WR EH VXLWDEOH IRU UHGXFLQJ
DFFLGHQWVLQYROYLQJFROOLVLRQVZLWKRQFRPLQJYHKLFOHV
$FFLGHQWVLQYROYLQJQRQPRWRUL]HGURDGXVHUVLQORQJLWXGLQDOWUDIILF
'HVFULSWLRQRIWKHDFFLGHQWFOXVWHU
7KLVDFFLGHQWFOXVWHU IRFXVHVRQQRQPRWRUL]HG URDGXVHUVNLOOHGRU LQMXUHG LQ ORQJLWXGLQDO WUDIILFRQ
URDGVRXWVLGHEXLOWXSDUHDV7KHUHDUHVRPHH[SOLFLWDFFLGHQWW\SHVIRUDFFLGHQWVZLWKSHGHVWULDQV6LQFH
WKHUHLVQRWDVHSDUDWHDFFLGHQWW\SHIRUDFFLGHQWVLQYROYLQJF\FOLVWVPRVWDFFLGHQWVLQYROYLQJSHGHVWULDQV
DQGF\FOLVWVZHUHLQFOXGHG$FFLGHQWW\SHVVXFKDVGULYLQJDFFLGHQWVRQVWUDLJKWURDGVDFFLGHQWW\SH
DUH WKHUHIRUH DOVR LQFOXGHG 7KH DFFLGHQWV LQ WKLV DFFLGHQW FOXVWHU WKHUHIRUH WHQG WR KDYH YHU\ VHULRXV
FRQVHTXHQFHV:KHQOLJKWFRQGLWLRQVZHUHWDNHQLQWRDFFRXQWLWZDVIRXQGWKDWDOWKRXJKDFFLGHQWVRIWHQ
KDSSHQLQGD\OLJKWWKHSHUFHQWDJHRIIDWDOLWLHVIRUDFFLGHQWVRFFXUULQJLQWKHGDUNLVSDUWLFXODUO\KLJK

5HTXLUHPHQWVWREHPHWE\DWHFKQLFDOV\VWHP
$OWKRXJK WKHUH DUH DOUHDG\ VHOIVXIILFLHQW LQYHKLFOH $'$6V RQ WKH PDUNHW WKDW FDQ GHWHFW QRQ
PRWRUL]HGURDGXVHUVLQWKHGDUNWKHVWXG\VKRZVWKDWDVXLWDEOH$'$6VKRXOGDOVRZRUNLQGD\OLJKW7KH
$'$6VKRXOGWKXVEHDEOHWRGHWHFW WKHSRVLWLRQVRISHGHVWULDQVDQGF\FOLVWVERWKLQGD\OLJKWDQGLQWKH
GDUNDQGLGHQWLI\WKHPDFFRUGLQJO\YLVXDOO\

5HFRPPHQGDWLRQV
,QIUDVWUXFWXUHRQO\V\VWHPVWKDWGHWHFWSHGHVWULDQVDQGF\FOLVWVLQORQJLWXGLQDOWUDIILFDQGPDNHGULYHUV
DZDUHRIWKHPE\PHDQVRIYDULDEOHPHVVDJHVLJQVFRXOGEHLQVWDOOHGRQVHFWLRQVRIURDGVRXWVLGHEXLOWXS
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DUHDVZKHUHDFFLGHQWVIUHTXHQWO\RFFXU7KHH[LVWLQJVHOIVXIILFLHQWLQYHKLFOH$'$6VVKRXOGDOVREHDEOH
WRGHWHFWSHGHVWULDQVDQGF\FOLVWV LQGD\OLJKW99FRPPXQLFDWLRQFDQRQO\EHH[SHFWHG WREULQJPLQRU
EHQHILWV RYHU VHOIVXIILFLHQW LQYHKLFOH V\VWHPV 9,EDVHG $'$6V DOVR RIIHU OLWWOH SURPLVH VLQFH WKH
DFFLGHQWVRFFXULQPDQ\GLIIHUHQWSODFHVDQGLQVWDOODWLRQFRVWVZRXOGWKHUHIRUHEHKLJK

'XHWRWKHGLVWULEXWLRQDQGVHYHULW\RIWKHDFFLGHQWVWKHIXUWKHUGHYHORSPHQWDQGGLVWULEXWLRQRIVHOI
VXIILFLHQWLQYHKLFOHV\VWHPVVKRXOGEHHQFRXUDJHGEHFDXVHWKH\DUHHIIHFWLYHLQDOOORFDWLRQV
(IIHFWLYHDSSURDFKHVIRUDGYDQFHGGULYHUDVVLVWDQFHV\VWHPV
7DEOHVKRZVZKLFKDSSURDFKHVZHUHIRXQGLQWKHVWXG\WREHSURPLVLQJDQGZKLFKZHUHIRXQGWREH
OHVVSURPLVLQJLQWHUPVRILPSURYLQJURDGVDIHW\7KHVWXG\VKRZVWKDWWKHEHQHILWVRI9,EDVHG$'$6V
FDQEHH[SORLWHGHIIHFWLYHO\SDUWLFXODUO\LQFRPSOH[WUDIILFVLWXDWLRQVLQFHUWDLQOLPLWHGORFDWLRQVVXFKDV
DWLQWHUVHFWLRQV

,QFLGHQWVWKDWRFFXUVXGGHQO\DQGFDQRFFXULQDZLGHYDULHW\RIORFDWLRQVVXFKDVWUXFNVORVLQJWKHLU
ORDGVRUYHKLFOHVWXUQLQJLQWKHURDGFDQEHVWEHFRYHUHGE\YHKLFOHEDVHG$'$6V
7DEOH2YHUYLHZRISURPLVLQJDSSURDFKHVIRUDGYDQFHGGULYHUDVVLVWDQFHV\VWHPVLQRUGHUWRLPSURYHURDGVDIHW\

6XPPDU\DQGUHFRPPHQGDWLRQV
7DEOHVKRZVWKHYDULRXVGHSHQGHQFLHVDQGW\SHVRIGULYHUDVVLVWDQFHV\VWHP7RGD\
VLQIUDVWUXFWXUH
RQO\ GULYHU DVVLVWDQFH V\VWHPV HJ WUDIILF VLJQDOV DQG RWKHU WUDIILFPDQDJHPHQW V\VWHPV DUH ILQDQFHG
IURPWKHSXEOLFSXUVHDQGFDQEHXVHGE\DOOGULYHUV6HOIVXIILFLHQWLQYHKLFOHGULYHUDVVLVWDQFHV\VWHPV
HJODQHGHSDUWXUHZDUQLQJV\VWHPVDGDSWLYHFUXLVHFRQWUROV\VWHPVDUHILQDQFHGWKURXJKWKHSXUFKDVH
RIDFDUDQGFDQRQO\EHXVHGE\WKHGULYHUVRIWKHYHKLFOHVHTXLSSHGZLWKWKHP9,EDVHG$'$6VDUH
DVSHFLDOFDVHEHFDXVHWKH\DUHRQO\HIIHFWLYHLQWKHYHKLFOHVLQZKLFKWKH\DUHLQVWDOOHG\HWDVWKLQJV
VWDQGWRDODUJHH[WHQWWKH\KDYHWREHILQDQFHGZLWKSXEOLFPRQH\,WVKRXOGEHSRLQWHGRXWKHUHWKDWKRZ
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WKH WHFKQLFDO IXQFWLRQDOLW\ LV ILQDQFHG LV QRW QHFHVVDULO\ WKH LVVXH EXW WKH FRVWV GR KDYH DQ LPSRUWDQW
LQIOXHQFHRQWKHH[WHQWWRZKLFKWKHVHV\VWHPVEHFRPHZLGHO\GLVWULEXWHGDQGWKXVRQWKHLUHIIHFWLYHQHVV
2QHSRVVLEOHDSSURDFKZRXOGEHDSHUPDQHQWRUWLPHOLPLWHG9,EDVHGVROXWLRQILQDQFHGE\WKHSULYDWH
VHFWRUWRDFKLHYHVXLWDEO\KLJKOHYHOVRIFRYHUDJHDQGHIIHFWLYHQHVV

7KH FRQFOXVLRQ RI WKH VWXG\ LV WKDW GULYHU DVVLVWDQFH V\VWHPV FDQPDNH D VLJQLILFDQW FRQWULEXWLRQ WR
LPSURYLQJ URDGVDIHW\+RZHYHUGXH WR WKHFRVWO\ WHFKQLFDO V\VWHPV WKDW KDYH WREH LQVWDOOHG WKH9,
EDVHGDOWHUQDWLYHFDQRQO\EHXVHGLQDOLPLWHGQXPEHURIORFDWLRQVZKLFKWKXVUHVWULFWVLWVSRWHQWLDOIRU
LPSURYLQJURDGVDIHW\

2YHUDOOLQRUGHUWRLPSURYHURDGVDIHW\WKHUHFRPPHQGHGDSSURDFKLVWRSXVKIRUWKHLQWURGXFWLRQDQG
VSUHDGRIWKRVHGULYHUDVVLVWDQFHV\VWHPVWKDWKDYHDQLPSDFWDJDLQVW WKHIROORZLQJIUHTXHQWO\RFFXUULQJ
DFFLGHQWVZLWKVHULRXVFRQVHTXHQFHV
x DFFLGHQWVRQVWUDLJKWURDGVWKDWRFFXUDVDUHVXOWRILQDSSURSULDWHVSHHGV
x DFFLGHQWVLQEHQGVWKDWRFFXUDVDUHVXOWRILQDSSURSULDWHVSHHGV
x DFFLGHQWVWKDWRFFXUDVDUHVXOWRIWKHGULYHUEHLQJGLVWUDFWHG
x DFFLGHQWVWKDWRFFXUDVDUHVXOWRIWKHGULYHUEHLQJXQGHUWKHLQIOXHQFHRIDOFRKRO

6RPHGULYHUDVVLVWDQFHV\VWHPVZHUHIRXQGWREHUDUHO\HIIHFWLYHLQWKDWWKH\RQO\KDYHDQLPSDFWRQ
DFFLGHQWVWKDWRFFXUUDUHO\RUGRQRWKDYHVHULRXVFRQVHTXHQFHV
x DFFLGHQWVLQIRJ
x DFFLGHQWVUHVXOWLQJIURPWUXFNVORVLQJWKHLUORDG
x DFFLGHQWVFDXVHGE\DVWDWLRQDU\YHKLFOH

9,EDVHG GULYHU DVVLVWDQFH V\VWHPV FRXOG EH XVHG SDUWLFXODUO\ DW LQWHUVHFWLRQV 5HFHQWO\ FRQFOXGHG
UHVHDUFK SURMHFWV VXFK DV 6$)(6327 DQG ,QWHU6DIH KDYH VKRZQ WKDW WKH WHFKQLFDO LPSOHPHQWDWLRQ RI
WKHVH V\VWHPV LV DOUHDG\ SRVVLEOH WRGD\ +RZHYHU WKH HIIHFWLYHQHVV VWDQGDUGL]DWLRQ RSHUDWLRQ DQG LQ
SDUWLFXODU WKH ILQDQFLQJ RI WKH WHFKQLFDO V\VWHPV RQ WKH LQIUDVWUXFWXUH VLGH DV ZHOO DV TXHVWLRQV RI
OLDELOLW\KDYH\HWWREHFODULILHG
7DEOH&RPSDULVRQRIWKHGLIIHUHQWW\SHVRIGULYHUDVVLVWDQFHV\VWHPV

5HIHUHQFHV
6WDWLVWLVFKHV%XQGHVDPW'HVWDWLV=HLWUHLKHQGHUZLFKWLJVWHQ0HUNPDOHGHU6WUDHQYHUNHKUVXQIDOOVWDWLVWLN:LHVEDGHQ
)HGHUDOVWDWLVWLFDO2IILFHWLPHVHULHVRIWKHPRVWLPSRUWDQWIHDWXUHVRIWKHURDGDFFLGHQWVWDWLVWLFV

6WUDHQYHUNHKUVRUGQXQJ6W92%XQGHVJHVHW]EODWW7HLO,6*HUPDQURDGWUDIILFFRGH
